We have studied the distribution of HLA-A, -B and DRB1 alleles and haplotypes by sequence specific oligonucleotide amplification in a sample of 125 unrelated healthy Moroccan individuals from Casablanca in Morocco. The city of Casablanca is known of its big ethnic diversity, especially Arabs and Berbers. The most frequent alleles found were: HLA-A*02 (18.4%), -A*01 (11.2%), -A*03 (10.8%), -B*51 (8.06%),-B*44 (7.66%), -B*08 (6.85%), -DRB1*04 (15.98%), DRB1*03 and DRB1*07 (13.92%) and -DRB1*01 (10%). High frequency for five two-locus haplotypes was observed for A*03-B*51 (5%), A*02-DRB1*03 (5.5%), A*02-DRB1*04 and A*01-DRB1*04 (5%) and B*35-DRB1*04 (4%). No predominant haplotype was observed for HLA A-B-DRB1. Our results confirm and extend the current knowledge about genetic pattern of the Moroccan of Casablanca. This study will serve as a reference for further anthropological studies, as well as studies of HLA and disease associations in the Moroccan population. Aucun haplotype à trois locus dominant n'a été observée pour HLA-A-B-DRB1. Nos résultats confirment et élargissent les connaissances actuelles sur la structure génétique des marocains de Casablanca. Cette étude servira de référence pour de nouvelles études anthropologiques, ainsi que des études de HLA et les associations de la maladie dans la population marocaine.
Precise estimate of HLA-A, HLA-B, HLA-C, HLA-DQA1, HLADRB1, HLA-DQB1 and HLA-DPB1 phenotypic, gene and haplotypic frequencies in normal population are important in anthropological studies, disease susceptibility studies and transplantation [1] . The HLA system is able to be compared among ethnic groups and useful to distinguish populations. Allele and haplotype frequencies as well as linkage disequilibrium differences are observed among populations from different geographic areas [2] and may help to retrace human migrations over the past. Morocco is characterized by large ethnic diversity. The area of presentday Morocco has been inhabited since Neolithic times. Many theorists believe the Amazigh people, commonly referred to as Berbers, probably arrived at roughly the same time as the inception of agriculture in the region [3] . By 1000 BC, North Africa and Morocco, were occupied by Phoenician trading colonies and then by the Roman Empire. By the seventh century AD, the first Islamic conquest of the North African coastal plain by the Arabs took place [4] . Others immigrants arrived from the North (Arabs and Jews from Andalusia and Rumanians) and from the south (Black slaves from the Sudan) between the 15th and 17 th century [5] . A study of the polymorphism of HLA-A, -B, -DR and -DQ have been conducted in general Moroccan population [6] , and others studies from isolated population of the Souss Agadir area (Berbers) where HLA-DRB1, -DQA1 and -DQB1 polymorphism were analyzed [7] , El Jadida (Arabs) where HLA-A, -B, -DRB1, -DQA1 and -DQB1 locus have been studied [8] and the Chaouya population from Settat where only the HLA-DRB1 was investigated [9] . The Metalsa Berber from Nador population has been widely studied [9, 10] for the distribution of HLA class I and class II (HLA-DRB1). The study of Choukri et al analyzed only the polymorphism of HLA-A and -B in the population of Casablanca (Arabs and Berbers) [11] . In the present study about the population of Casablanca, we have completed the data for HLA class-I and class-II with the help of molecular typing. Allelic and haplotypic frequencies were compared with those of North African populations and other populations from North Africans countries.
Materials and methods

Population sample
One hundred and twenty-five blood samples of unrelated healthy Moroccans individuals from the region of Casablanca, 58 males and 67 females, aged from 16 to 68 years, were used for HLA genotyping and phylogenetic analysis. The origins of all other populations used for comparisons are given in table 1.
HLA typing
HLA typing was performed using peripheral blood lymphocytes by molecular techniques. For HLA-A and -B, 125 samples were tested, and 98 samples were analyzed for HLA-DRB1. DNA was extracted and purified from whole blood collected in 5% EDTA with commercial kits (Quiagen) as recommended by the manufacturer. HLA-A, -B and -DRB1 genotyping was done using a polymerase chain reaction-sequence-specific oligonuoleotide (PCR-SSO) technique (Line Probe Assay, Innogenetics INNO-LiPA HLA Update) according to the manufacturer's protocol.
Statistical analysis
HLA-A, -B and -DRB1 allele frequencies were determined by direct counting. Haplotype frequencies were calculated using the maximum likelihood method. Genetic distances between the population from Casablanca and other Moroccan ethnic groups were estimated by the following formula:
where xi and yi are the frequencies of alleles i in population X and Y, respectively, and k the size of the frequency vector. The genetic distance and the linkage disequilibria between two alleles, the relative linkage disequilibrium (RLD) were computed using the statistical package Genome Populations Interactions Adaptation GENETIX version 4.05.2 [16] .
Results
The observed genotype frequency values for the HLA-A, -B and -DRB1 loci did not significantly differ (P=0.99) and the population sample was in Hardy-Weinberg equilibrium (tables 2 to 4). The heterozygosity estimated by maximum likelihood was high (> 90%) for all the examined loci (HLA-A: 0.95; HLA-B: 0.99; and HLA-DRB1: 0.96). Tables 2 to 4 show the HLA-A, -B, -DR allele frequencies found in the population from Casablanca and in the others Moroccan groups studied. Seventeen HLA-A alleles were found in this present study. The estimated percentage of heterozygous is 95%. HLA-A*02 allele is the most frequent (18.4%) in our population followed by -A*01 (11.2%) and -A*03 (10.8%). HLA-A*24 (8.4%), -A*68 (7.6%) and -A*24 (6.8%) are comparatively frequent. Some alleles are rare (HLA-A*31, -A*38, -A*69). A total of 26 HLA-B alleles have been observed. The percentage of heterozygous is estimated to 99%. The highest A*02-B*49 have the highest incidence. All the other haplotypes observed had frequencies going from 2 to 0.5% (data not shown).
Eleven haplotypes A-DRB1 were found with high frequencies from 5.5 to 3.5%: A*02-DRB1*03 (5.5%), A*01-DRB1*04 and A*02-DRB1*04 (5%), A*03-DRB1*04, To better examine relationships between our population of Casablanca and other Moroccans ethnic groups and also, genetic distances were calculated independently for A, B and DRB1 locus (table 7) . These data showed that our population study is closer to Moroccans from Casablanca, Moroccans of the general population study for both HLA-A, -B. For the HLA-DRB1 locus, population from Chaouya and El Jadida are nearer to our population study. By contrast, population of Metalsa, Agadir, Jews Moroccans and Senegalese are relatively genetically distant from our population of Casablanca.
Discussion
It has been recognized that the MHC in the human plays an important role in the anthropology [17] as well as in the etiology of a number of diseases [18] . The highly frequent association of some diseases with specific HLA allele is clinically useful in the diagnosis of these conditions. Linkage and association studies are the two major types of investigations to determine the contribution of genes to disease susceptibility. In the present study, we complete the HLA class I and HLA class II polymorphism of the population from Casablanca with the evaluation of and -B*51, the most frequent allele in our study (7.66 and 8.06% respectively), are common in Algeria and Tunisia. The DRB1*03 and DRB1*04 alleles, which are known to be associated with diabetes disease are very frequent in our study (13.92 and 15.98%, respectively), as in all Moroccan populations studied until now. This important observation had to be taken into consideration for future studies of HLA disease associations in our population. Izaabel et al. [7] report a very high frequency for DRB1*07 allele (20.5%), as one of the highest observed among all populations tested. We have observed a lower value in our sample (13.92%), as in the other Moroccan population studies. This difference may represent a particularity of Moroccan from Souss Agadir area. A high resolution analysis described [9] for the DRB1 polymorphism in two groups from Morocco distinct both geographically and ethnically (the Berber from the north that live in the Nador area and Arabic-speaking populations from the west Morocco that live in the Chaouya area) have shown that the two populations have high level of genetic diversity. Compared to other studies on Souss Berber [7] population samples from the Agadir city area (south Morocco) and another population samples from El Jadida area [8] (Middle-west Morocco), the distribution of HLA alleles frequencies, specifically of the DBR1 locus, confirms the strong correlation between genetic distances and geographic-historical factors. Haplotype analysis of A-B, A-DRB1 and B-DRB1 associations reveals some haplotypes with frequencies between 3.5% and 5.5%; there is an absence of predominant association. Choukri et al. [11] described haplotype frequencies for HLA A-B between 3.2% and 9.6% in the population of Casablanca. The study of three haplotype HLA A-B-DRB1 is in accordance with no predominant haplotype. Taken together the current data cannot allow us to confirm the absence of predominant haplotype in the population of Casablanca. The genetic distance data confirm previous studies [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and show that Moroccans are closely related to Maghrebian but far from Senegalese and Moroccan Jewish.
Conclusion
Our results confirm and extend previous punctual studies investigating the Moroccan population of Casablanca. Moreover, these results may serve as references for clinical analysis like transplantation and HLA associated diseases in Moroccan population of Casablanca.
